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Provisional Patent Application for a 
Device Constrained Against an Apposed Body 
Through Normal Forces 

Antony J. Hodgson and Kevin B. In]q)en 
September 15, 1999 

Motivation: 

Thoro oro a vari e ty of Gituadons in surgeiy, biomechanic a l researchj gait ana l yfi i ff and ergonomic 

analysis in which one would like to know the position of a bony structure during motion or 
manipulation. Approaches to measuring body motion can be classified are either invasive 
(typically using bone pins or screws placed through a skin incision) or non-invasive (attaching 
external markers to the skin or simply making a video record of the motion). 

Non-invasive markers are clearly attractive from the patient's or subject's perspective, but they 
^ suffer from comparatively low accuracy since they arc not mounted directly to the bony structure 
Q of interest In particular, skin typically moves easily over bone during motion, which results in 

discrepancies between the maricer position and the position of the bony structure which is 
\j\ presumed to be moving together with the marker. In some cases, these discrepancies can be on 
^ the order of centimetres. 

!^ Invasive markers are rigidly attached to the underlying bone and so can yield more accurate 
measurements at the cost of increased pain to the subject and the need for wound care. 

There is, therefore, clearly a need for a non-invasive maricer that can sustain a fixed relation to 
•5 the underlying bone while being insensitive to skin motion artifacts. We have developed such 
2 markers for the pelvis and ankle, but the und^lying principles could be used to design markers 

for scapular tracking, mounting stereotactic frames to the skull, designing remountable clamps 
,Q for the distal femur, and a variety of other applications. 

Design Concept 

Our approach relies on the recognition that one object has six degrees of freedom relative to 
another when free to move, and zero degrees of fre^om when locked together. The difficulties 
with conventional non-invasive markers arise because they are comparatively free to move in the 
. plane tangent to Ae skin surface. In contrast, skhi which overlies bone is relatively 
incompressible in the direction normal to the bone, so motion in this normal direction is 
essentially zero. By creating a larger stmcture (the *tracker") which contacts the skin overlying a 
rigid bony object in six locations across interfaces which consist of substantially point contacts 
(by substantially point contacts, we mean that any individual contact patch is insufficiently large 
to resist moments which might reasonably be applied to the two bodies in contact and must 
therefore be paired with another contact patch at some distance from the first), and by applying 
one or more seating forces (forces which are comparatively insensitive to small motions of the 
body upon which they act; e.g., gravity, electromagnetic or spring forces) oriented to ensure 
compressive forces at each contact point, we can constrain the tracker to follow the underlying 
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bony structure. Furthermore, if we do not adjust the relative positions of the tracker's contact 
surfaces, we should be able to release the seating forces, remove the tracker, and replace it again 
with high repeatability. This capability would be particularly useful when the tracker is required 
on two different occasions, as is often the case in stereotactic procedures where the halo is 
mounted for a computed tomographic scan and left in place until the surgery for fear of replacing 
it in a different orientation. 

Typical means of achieving point contact depend on the local radius of curvature and orientation 
of surface features of the object to which the tracker is to be mounted. If the object has low 
curvature radii, it is often beneficial to design the tracker interfaces with planar or higji curvature 
radius surfaces (see example below). Conversely, if the object is substantially flat in the region 
of a desired contact point, the tracker should be designed with a small radius of curvature. 
finally, if the object has different radii of curvature in different directions (e.g., a cylmder HaiTa" 
small mdius perpendicular to its axis and an infinite radius along its axis), we can achieve a 
substantially point contact by creating a cylinder-like feature on the tracker and orienting its axis 
so that it is substantially perpendicular to that of the object (again, see hip tracker example 
below). 
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Hip and Foot Tracker Design 

The following section is an extract firom a paper we have recently written describing the 
implementation of this design concept in the form of trackers for the pelvis and foot for use in 
computer-assisted knee surgery: 

In order to minimize artifacts due to relative motion caused by skin sliding over bone, we 
designed our hip and foot trackers to constrain all six degrees of fireedom by applying six reaction 
forces only normal to the bone (see Figure 1; note that proximal-distal components of forces are 
not shown). The trackers are fully adjustable to accommodate different patients and seating 
forces are applied by straps. Each tmcker has an optical marker array rigidly attached. 
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(a) Tninsveree section (looking proximally) through pelvis (b) View looking distally on right foot. 

Vig. 1- (a) Hip tracker and (b) foot tracker devices 
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Figure 1. Detail of hip tracker. The central blue block is a planar surface which rests on the 
pubic tubercle at a single contact patch. The extension rod crosses the pubic ramus at an angle 
and so also creates a single contact patch. Each of the remaining two blue blocks have two 
planar surfaces \y^ch rest on the pelvic iliac spines and so create two contact patches each. 
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Figure 2, A photograph of the device in use on a skeletal model. Note that the distribution of 
normal forces is designed to resist any force or torque ^plied to the tracks up to a finite limit 
determined by the preload on the straps. 
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Claims: 

1 . A device which consists of six rounded or planar surfaces ("interface elements") which can 
be placed tangent to six corresponding surfaces on a second body, and one or more force- 
generating means (such as springs, weights or electromagnetic fields) aligned so as to ensure 
positive contact at all six interface elements. The interface elements should be oriented such 
that the resulting normal forces substantially constrain the device relative to the second body 
(by having, for example, sufficient relative moment arms to resist ^plied torques about 
arbitrary axes). Each interface element should generate a contact patch that is essentially 
point-like in nature; by point-like, we mean that the contact patch alone is insufficiently large 
to prevent relative movement when typical moments are applied to the two bodies in contact. 

2. A device as described in (1) which allows for adjusxabiliiy in xhe posidon and orientation of 



one or more of the interface elements, so as to allow for optimal fitting to diff^ient second 
bodies. 

3. A device as described in (1) or (2) to which is mounted some means for detecting its position 
in space (e.g., an optoelectronic or magnetic tracker) for the purpose of inferring the position 
of the apposed second body. 

5^ 4. A device as described in (1), (2) or (3) in which the second body consists of a rigid structure 
I? overlaid with a comparatively thin layer of a deformable substance which is comparatively 

; q free to move in directions tangent to the rigid structure (e.g., a bony structure overlaid with a 

^ comparatively thin layer of soft tissue and skin). 

5. A device as described in (4), customized for the pelvis (as outlined in our paper). 

Si 6. A device as desaibed in (4). customized for the foot (as outlined in our paper). 

7. A device as described in (1), (2), (3) or (4) with fewer than six interface elements so as to 
constrain selected degrees of freedom between the device and the second body. 



SI 



5 



